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DATA ANALYSIS AND INSTRUMENTATION

EFFECT OF DIGITIZING DETAIL ON SHOCK AND

FOURIER SPECTRUM COMPUTATION OF FiELD DATA®

M. Gertel and R. Holland

Allied Research Associates, Inc.

Concord, Massachusetts

A preliminary study of the eifects on shock and Fourier spectrum dig-
ital computation accuracy due to varying. shock record duration and the
degree of analog-to-digital conversion has been conducted., Three com-
plex multi-frequency, long-duration shock records representative of
gunfire shock conditions in armcred vehicles were selectsd for carry-
ing out this study. Shock and Fourier spectra were digitally computed
with a range of analog-to-digital point densities of 900 to 10,000 points/
sec and arbitrarily selected tiilme durations of 15 to 60 msec for the
sample shock records. These results are compared to previously
computed reference shock and Fourier spectra obtained for the sample
shock records defined by 16,500 to 20,000 points/sec and 60 msec du-
ration. The final results of the investigation are presented as spectral
plots of the percent variation relative to the. reference. These plots
are called the variation spectra and are useful for estimating the maxi-
mum possible error in shock and Fourier spectra computation due to
lack of detail in digitizing the shock input, It is conciuded for the pres-
ent inveetigation that a digital point density of 10,000 points/sec and a
record duration of 60 msec are minimally adequate for spectral com-
putations between 10 to 2,070 cps.

and eczniiot be defined by a simple ana’ *ic equa-
tion. These shock motions can best 12 «»iego-
rized as comprising transient multiple i-equency
decaying vibrations of varying inteunsities. Since
definition of shock environments is mainly for

M. Gertel the purpose of determining system responses

to such motions, it has been found advantageous
in many fields to define a complex shock motion
directly in terms of its response effects on
simple systems with a wide range of natural
frequencies. The shock spectrum accomplishes
this. Shock spectra have been succesgsfully uti-
lized [1-6; to define sheck environments for
equipment and structures to withstand earth-
quakes, underwater mine explosions, and air-

INTRODUCTION craft landing impacts.

The shock acceleration motions which re- Shock and Fourier spectral analyses of
sult from a ballistic projectile impact on ar- compilex shock environments may be performed
mored steel structures are extremely complex by either analog or digital computer techniques.

*This work was performed for Frankford Arsenal under Contract No. DA36-038-AMC-3391{A).
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However, when iarge quantities of field data
must de analyzeu, high-speed automatic digital
computing and piotting methods are preferable
since the resuits become immediately available.

Recursion formulas suitable for efficient
digital computation of shock and Fourier spec-
tra for complex mechanical shock transients
have been presented by O'Hara [7]. These equa-
tlons have been used successfully with an IBM
7094 digital computer and General Dynamics
SC 4020 Computer Plotter for determinations
of shock and Fourier spectra for highly com-
plex shock motiors typical of armored vehicles
[8,9]. It was shown that the digital computation
of shock and Fourier spectra is extremely pre-
clse. The accuracy of the result is only lim-
ited by the precision with which the original
shock record is digitized for input to the com-
puter.

In preparation for the application of digital
computer techniques to determine shock and
Fourier spectra representative of field environ:
mental conditions in niilitary and space vehicles,
it is essential to establish practical precision
limits for digitizing the field data. Presented
herein is a limited preliminary study nf the ef-
fect on shock and Fourier spectrum digital
computation accuracy due to varying precision
in defining the shock input. In particular, this
study is concerned with:

1. The effect of varying the incremental
time spacing or density of analog-to-digital
conversion, i.e., point density; ard

2. The effect of arbitrary time or record
duration cutoff in a complex shovk record.

The study of these effects has been carried
cut on a comparative basis using three complex
long-duration shock records whose shock and
Fourier spectra were computed and available
from a previous investigation {8]. These pre-
viously computed spectra are referred to as
the "reference spectra’ for the present study
and were obtained trom the sample records with
an analog-to-digital point density of 20,000
points ‘sec and a record duration of £0 msec.

The study reported herein has been carried
out with a range of analog-to-digitil point den-
sities of 900 to 10.000 points sec and arbitrarily
selected record durations between 16 and 60
msec. The results of this investigation are
presented i the form of spectral plots of the
percent variation relative to the reference
spectra. These plots are called the variation
spectra and are useful for estimating the maxi-
mum possible error occurring in shock and

Fourier spectra computations due to iack of
detail ir digitizing the shock Input.

SHOCK AND FOURIER SPECTRAL
ANALYSES OF SELECTED
SAMPLE SHOCK RECORDS

For purposes of carrying out the present
preliminary study of the effects on shock and
Fourier spectrum digital computation accuracy
due ‘o varying precision in definlng the shock
input, three complex long-duration shock rec-
ords which were previously analyzed [8] were
selected. The first sample record is an ideal-
ized transient acceleration with two decaying
sinusoidal frequency components. The second
and third sample records are complex
multiple-frequency transient accelerations
recorded during a drop-hammer type shock
test representative of projectile impact condi-
tions in an armored vehicie.

The sample shock records used for this
study are descrlbed in the following subsections
with presentations of their time hlstories and
reference shock and Fourier spectra in the
Appendix. The effects on shock and Fourier
spectral computations for the sample records
due to varying the analog-to-digital time incre-
ment or point density and the record duration
are presented as variation spectr:. The varia-
tion at each frequency in the spectrum is ex-
pressed as a percentage of the corresponding
point in the reference spectrum for the sample
record. The variation is computed using the
foilowing slmple relation:

Variation = 100
« Computed Value - Reference Value! 7.

Reference Vaiue
(1)

The implications to be drawr. from the variation
spectra developed here are discussed in the
flnal sections of this report.

Analysis of Sample Shock
Record No. 1

The time historv of the first shock record
studied is shown ir Fig. A-1 of the Appendix.
The equation of this idealized shock motion is
indicated on the figure and can be seen to coni-
pi.5e damped 1/0- and 300-cps frequency com-
ponents. The shock and Fourier spectra for
this record are reproduced from Ref{. 8 as
Fig. A-2. These are the reference spectra for
the ensuing analyses of this shock and, as noted

.




TABLE 1
Sample Comparison of Theoretical and Computer Program Peak Responses for
Two-Component Decay.ng Sinusoidal Acceleration Shock Input |8)

r Peak Response (in.)
Frequency . .
{ers) Theoretical Shock I, () Error (%)
| Solution Program
! 1c I -1.27048 -1.2701 +0.0004 0.0315
30 -0.480569 -0.48040 +0.00017 0.0354
| 80 -0.278056 -0.27797 +0.00009 0.0323
100 -0.246923 -0.24680 +0.00012 0.0485
120 -0.131544 -0.13153 +0.00001 0.00761
200 -0.0457847 -0.045753 -0.000011 0.024
280 -0.0476972 -0.047644 +0.000053 0.111
300 -0.0497754 -0.049824 -0.000049 0.0988
350 -0.0272114 -0.0271338 +0.000073 0.269
1,000 -0.00174328 -0.0017374 +0.0000059 0.339

in Fig. A-2, were computed for a record dura-
tion of 60 msec and an analog-to-digital point
density of 16,500 points/sec. The extremely
high precision in the digital computation of
these reference spectra is indicated in Table 1.

For purposes of comparison with the above
reference spectrum, undamped maxi.zaz shock
spectra were computed for sample shock record
No. 1 with the duration fixed at 60 msec and
digital point deasities o, 1500, 1200, and 900
points/sec. The results are presented in Fig.
A-3 as a spectrum of variations with respect to
the reference.

In preparation for studying the effecis of
arbitrary shock record duration cutoff, the com-
puter program was modified tG print out the
time of occurrence of the peak response for each
spectral frequency. A computer run was then
made vith the sample record cutoff 2t 50 msec
and the 'reference" digital point density of
16.500 points/sec. Figure A-4 presents the
results of this run.

Figure A-4 indicates for this shock motion
that, except for frequencies below 20 cps and
near the 100- and 300-cps components, the ma-
jority of peak responses occur early in the rec-
ord near the first few major input peaks. In
general, it may be assumed that the early 1eak
responses wiil not be affected oy cutting off the
shock record any time after they occur. Re-
sponse time histories to the 50-msec sample
input were then computed for groups of frequen-
cies below 20 cps and near the 100- and 300-cps
components. With these respunse time histories
and the previous lata, und :mped maximax
shock spectra ‘vere con-iructed for shock rec-
ord duratior cutoffs of 15, 20, 30, 40, and 50

msec. The results of this work are presented
in Fig. A-5 as a spectrum of variations with
respect to the reference data of Fig. A-2.

Analysis of Sample Shock
Record No. 2

The time history of the second shock rec-
ord studied is shown in Fig. A-6. This record
is oscillograph record No. 00906-1 of the U. S.
Army Frankford Arsenal Environmental Labo-
ratory. The reference undamped and damped
shock and Fourier spectra for this record are
reproduced from Ref. 8 as Figs. A-7 and A-8.
These reference spectra were computed for the
sample shock iecord digitized with 20,000
points/sec and a dusation of 60 msec. The dig-
ital point density of the sample record was re-
duced by a factor of two, for three successive
shock spectrum computer runs with and without
damping. The results are presented in Figs.
A-9 and A-10, respectively, as damped and
undamped variation spectra with respect to the
reference spectra of Figs. A-7 and A-8.

For purposes of observing the effect of
selecting arbitruary record durations for sample
record No. 2, undamped and damped shock
spectrum computer runs were made with the
reference digital point density of 20,000 points/
sec and record durations of 43 and 17 msec.
These durations respectively cut off the sample
record at approximately 10 and 20 percent of
the double amplitude or peak-to-peak accelera-
tion of the shock record. The results of these
runs are presented as variation spectra in
Figs. A-11 and A-12. Also superimposed on
these figures ar: variation spectra plotted from
data in Ref. 8 for an 80-msec duration of the




reference shock record. This duration corre-
sponas approximately to 2 percent of the peak-
to-peak value of the original record, whereas
the reference 60-msec duration is approximately
S percent.

Analysis of Sample Shock
Record No. 3

The time history of the third shock record
studied is shown in Fig. A-13. This is oscillo-
graph record 00908-2 of the U. S. Army Frank-
ford Arsenal Environmental Laboratory. The
reference undamped and damped shock and Fou-
rier spectra for this record are reproduced
from Ref. 8 as Figs. A-14 and A-15. As in the
previous case, these reference spectra were
computed for the sampie shock record digitized
with 20,000 points/sec and a duration of 60 msec.
Undamped and damped variation spectra with
respect to the reference are presented in Figs.
A-16 and A-17 for digitizing point densities of
2,500 to 10,000 points, sec and duration held
constant at 60 msec.

Undamped and damped variation spectra
computed for the sample record with arbitrar-
ily selected durations of 45 and 23 msec are
presented in Figs. A-18 and A-19. As in the
previous case, these durations respectively
correspond to cutting off the sampl2 record at
approximately 10 and 20 percent of the peak-
to-peak value of the originai record. The 60-
msec reference record corresponds to cutting
off the original record at approximateiy 5 per-
cent of 1ts peak-to-peak vaiue.

Fourier Spectrum Variation for Sampie
Record No. 3 — To compiement the determina-
tions of shock spectrum variations described
in the previous sections, a similar study was
conducted with the Fourier Magnitude Spectrum
for sample shock record No. 3. The reference
Fourier spectrum for this work is shown in
Fig. A-14 and is identicai to the undamped re-
sldual shock spectrum as noted in the figure.
The Fourler variation spectrum due to reduc-
ing the digitizing point density from 20,000 to
10,000 points/sec 1s presented in Fig. A-20.
These data are discussed later at greater
iength.

DISCUSSION OF RESULTS

The prlmary emphasis in the present work
has been to determine the effects of record
digitizing detaii on digitai computer shock
spectrum computations. Oniy a small amount
of conslderation has been given to the Fourier

spectral data obtained during the program;
however, it is expected that the conclusions
reached for shock spectral computations shouid
be equally applicable for Fourier spectra.

Several significant observations and trends
can be detected from the shock and Fourier
Variation Spectra presented in the Appendix for
the three complex sample shock records in-
vestigated. ThLese variation spectra clearly
confirm the intuitively anticipated result that
the accuracy of digital computer spectral com-
putations will decrease with: (a) reductions in
the analog-to-digital point density used to de-
fine the shock record input to the computer, and
(b) arbitrary reductions in the time duration
cutoff for a complex long-duration record. In
general, the present preliminary data suggest
that a digital point density of 10,000 points/sec
and a record duration of 60 msec, which corre-
sponds to approximately 5 percent of the maxi-
mum peak-to-peak shock amplitude, will pro-
vide for a nominal spectrum ccmputation
accuracy within 5 percent from 10 to 1,000 cps
and within 10 percent up to 2,000 cps. This
seems minimaily adequate for spectral compu-
tations for most field measurement programs.
Further, more detailed observations are pre-
sented in the following paragraphs.

Effects of Digitai Point Density

The number of points used to describe dig-
itaiiy a shock acceleration record time history
has a noticeabie effect on digitai shock spec-
trum "'response’’ computations at low as well as
high frequencies. This is cieariy evident In the
maximax variation spectrum of Fig. A-3, for
the idealized two-frequency-component shock
record of Fig. A-1. The iow-frequency varia-
tion was not anticipated, because for aimost
any point density we have a large number of
points availabie to define each fuil cycle of
iow-frequency osciliatlon whick may be present.
It appears that the iow-frequency peak response
variations are signiiicantly affected because
these components are responsive to the veiocity
content of the shock. Digitizing a shock accel-
eration curve, In effect. replaces the curve
wlth straight-iine segments, introduclng an
accumulative loss of area of veiocity segments
for the iength of the record. An anaiysis of the
velocity change (or area) and peak acceieration
of the idealized record of Fig. A-1 as a fun«tion
of digitai point denslty is presented in Table 2.
It can be seen that the decreascs in veloclty
change as a function of point density of the
idealized record compare almost exactly with
the iow-frequency varlatlon spectra of Fig. A-3.
The corresponding variatlons noted for peak




Effects of Digital Point Density on Velocity Change and
Peak Acceleration of idealized Shock Record of Fig. A-2

TABLE 2

, Velocity Peak Acceleration
p&"&g‘j‘;ﬁ)’ ‘el‘zﬁ"/’;:‘)‘"‘e Variation Acceleration Variation
’ (% ® (%)
< 19.25 - 130 -
16,500 79.22 0.38 130 0
1,500 75.59 3.13 121 6.92
1,200 73.28 7.53 129 0.77
900 68.23 13.91 123 5.38
acceleration in Table 2 seem to be random in 00 R
nature. % o
The increasing trend of high-frequency
spectral computation errors indicated by all
the variation spectra in the Appendix is to be
expected for digital shock spectrum computa-
tion. As described in Refs. 8 and 9, the proce- 10.0}— =t \‘ .
dure for obtaining the shock spectra involves 2 X
computing a response time history with the - i 800
same number of points used to digitize the . AR
shock input. For any given digital point den- Bt e BT ;
sity, as the spectrum natural frequency in- Ingut for WOt /cycte ;
creases, there will be a corresponding decrease !
in the number of points available to define one ‘o ! !
complete cycle of the response sinusoids. A — f f X o
maximum error in defining the peak amplitudes -8 100 e Simmcss i B B B8 88
of the response sinusoids occurs when the avail- r {EREE!

able digitizing points equally "straddle’ a peak.
The maximum error E due to digitizing the
response is as follows [8,9]:

E=100(1-cos%)%, {2)

where n is the number of pcints per cycle of
response sinusoid,

The "digitizing error'* defined by Eq. (2) is
plotted in Fig. 1 as a function of the number of
points n used to digitize one complete cycle of
any given sinusoid. Superimposed 1n Fig. 1 are
plotted data points which represent the maxi-
max shock spectrum variations from Fig. A-3
corresponding to the 100- and 300-cps "tran-
sient resonance' frequency components. The
close agreement between these computed tran-
sient resonance variation spectra and the error
function defined by Eq. (2) suggest that this
function is quite satisfactory for preliminary
estimates of digitizing requirements.

It is important to point out here that the
amplitude errcr function of Eq. (2) is applicable
for both input and response sinusoidal compo-
nents. The total error which may result in

[; |
AN

I

|| T

| | L
00! 1 L‘ii . !

Number of Points per Cycle (n)

Fig. 1 - Maximum error in peak re-
sponse amplitude due to aumber of
points defining the response time
history

spectral computation is actually due to a com-
binaticn of errors in defining the amplitudes of
beth the input and response sinusoids; this is in
addition to the "velocity loss' error effect on
ow-frequency components noted earlier. To
prevent a large buildup of response computation
errors due to insufficient digitizing detail at




high frequencies, the present computer progra.n
automatically provides for linear interpolation
of the digitized input so that high-frequency re-
sponse time histories are always defined by at
least 10 potnts,cycle. Thus, 2ven though the
input peak amplitude may be conciderably in
error due to insufficient digitizing, i.e., n <10,
the response computation 1s always accurate to
within 5 percent as noted by the dashed hori-
zontal line in Fig. 1. The major error in spec-
tral ccmputations when the input 1s defined with
less than 10 points/cycle is geverned primarlly
by the input.

Due to the highly complex, multiple-
freGuency nature of sampie shock records Nos.
2 and 3 In Figs. A-6 and A-13, a detailed anal-
ysis of computation errors due to digitizing was
not attempted. Rather, envelopes of the maxi-
max variation spectra as a function of digitizing
density with and without damping for both rec-
ords were prepared and are presented in Figs.
2 and 3. It is immediately evident, as can also
be detected from Fig. 1, that the variations in
computed spectra increase markedly at high
frequencies as the digitizing point density de-
creases. The variation in the damped maximax
shock spectra is considerably less than for the
undamped case, and this is presented for

reference purposes in Fig. 3. Based on the
envelope of undamped maximax variation spec-
tra in Fig. 2, it may be tentatively conclvied
that an analog-to-digital point density of 10,000
points,/sec will permit spectral computation
accuracy of within 5 percent up to 1,060 cps
and within 10 percent up to 2,000 cps. Essen-
tlally the samne conclusions are obtained {rom
the digitizing error function of Eq. (2) plotted
in Fig. 1. This Is further confirmation that
Eq. (2) can be utiliced for estimating digitizing
requirements as a function of desired accuracy
in spectral computation.

Effect of Shock Record Duration Cutoff

Examination of the damped and undamped
maximax variation spectra due to varying time
duration cutoff in the Appandix indicates that
significant deviations in spectral computation
accuracy primarily occur in two regions:

1. Low-Frequency Region — For the three
sample shock records studied, significant vari-
ations occur in the low-frequency region below
approximateiy 20 cps for arbitrary shock dura-
tions of approximately 50 msec and below ap-
proximately 50 cps (except for Frankford
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Record 00906-1) for shock durations of approx-
imately 20 msec. It may be noted on comparing
Figs. A-5, A-11, and A-18 that the low-frequency
variations are coasiderably greater for the ar-
bitrarily short-duration highly complex sample
shock records than for the idealized record.
The observed low-frequency variations may be
partiaily, but not completely, explained by the
changes .n the velocity content of each shock
resulting from duration cutoff. The coniplete
explanation of the cbserved low-frequency vari-
ations requires further investigation. However,
based on the present available limited data, it
appears that low-frequency variations can be
expected when the dimensionless frequency
parameter of the shock is {7 = 1, where { is
frequency in cps, and 7 is shock record dura-
tion in seconds.

2. Resonant Frequency Region — Significant
zpectral variations occur at each major {ra-
quency component of the input shock. This is
particularly evident from Fig. A-5 for the
idealized shock record. The shock record
duration determines the number of repetition
cycles which may occur at any frequency, and
hence is a major factor in establishirg the
severity of a transient undamped resonance
condition. This transient rescnance effect is
apparently negligible in the dumped variation

spectra which are pres:nted for reference pur-
poses in Figs. A-12 and A-19.

It appears from the present limited data on
effects of varying duration that the reference
shock record length of 50 msec is perhaps the
safest compromise duration for maximum ac-
curacy over the largest range of frequencies.
In Figs. A-11 and A-12, only a small amount of
positive variation is indicated by increasing the
record duration cutoff t¢ 80 msec. Inasmuch
as the 60-msec record duration corresponds
approximately to 5 percent of the peak-to-peak
amplitude of the shock, this can be regarded as
an alternative criterion for selection of record
duration in a coniplex shock.

Fourier Spectrum

A large high-frequency variation is shown
in Fig. A-20 due to computing the magnitude of
the Fourier spectrum of Record 00908-2 with a
reduced point density of 10,000 points/sec in-
stead of 20,000 points/sec. The greatest vari-
ations in Fig. A-20 occur at the "notches’ or
frequency voids which are evident in the refer-
ence Fourier spectrum of Fig. A-14. At these
notches the spectrum curves are very steep;
hence, any minor differences introduced by




digitizing point density or time duration will
appear as a large variation. Similar large var-
fations were evident during visual examinations
of the Fourier spectrum computer printouts for
Record 00906-1.

The significance of these Fourier specira
variations cannot be deduced from the present
results. It is possible that what presently
seems to be very large variations may have
little effect on the application of the Fourier
spectrum to compute the time history of the
input and response at any location in a structure
when the steady-state transfer function at that
location is known. The inverse transformation
of the Fourier spectrum to obtain the time his-
tory of the motion involves an integration
process; hence, the area under the entire spec-
trum is just as important as the magnitude of
any particular frequency. Probably the best
methad for evaluating the effect of point density
and time duration on the Fourier spectrum
would be to attempt to reconstruct the originai
shock time history record. This was beyond
the scope of the present limited investigation.

CONCLUSIONS

The resuits of the digitali computer shock
and Fourier spectrai analyses presented herein
as a function of varving analog-to-digital point
densities and shoct record durations provide a

basis for establishing acceptable limits for
these parameters. It is evident that for maxi-
mum computation accuracy, the digital point
density and shock record duration must be suf-
ficiently large to lefine the peak acceleration,
velocity content, axd repetitive frequency com-
ponents in the sho:k. Based on the analyses of
three complex shock records, typical of gunfire
shock conditions which have been investigated
here, it is conclud>d that a digital point density
of 10,000 points/sec and a record duration of
60 msec should be udequate for most digital
computer spectral analyses of field data. The
record duration of 60 msec corresponds approx-
imately with an 2mplitude which is 5 percent of
the maximum peak-to-peak vaiue for the two
most complex records studied. The suggested
record duration and digitizing density provide,
in the present cases, a nominal spectrum com-
putation accuracy of within 5 percent between
10 to 1,000 cps and within 10 percent from 1,000
to 2,000 cps. Improved accuracy over an ex-
tended lower and higher frequency range will be
achieved by increasing the digital point density
and record duration.
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Appendix

SHOCK, FOURIER, AND VARIATION SPECTRAL DATA
FOR SELECTED SAMPLE SHOCK RECORDS
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Fig. A-1 - Sample record No. 1: Time history
for idealized two-component superimposed de-
caying sinusoidal acceleration shock record,
frequency components 100 and 300 cps [8}
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Fig. A-8 - Damped shock spectra
for record 90906-1: Digitizing
point density 20,000 points/sec,
duration of record 60 msec (8]
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Fig. A-15 - Damped shock spec-
tra for record 00908-2: Digitiz-
ing point density 20,000 points/
sec, duration of record 60 msec
[8]
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AUTOMATED DIGITAL SHOCK DATA
REDUCTION SYSTEM®

Walter B. Murfin
Sandia Corporatioa
Albuquerque, New Mexico

A method of automatically digitizing, editing, filtering, reducing, com-
paring, displaying, and storing shock data is described. The desired
final display of the shock data is grapaical and can be given in two
forms: the acceleration-time history and the shock spectrum. Subsid-
iary operations *nclude automatic editing of data to eliminate spurious
or unwanted points, filtering to remove undesired high-frequency com-
ponents, or computation of Fourier spectra.

The acceleration-time history is often useful for confirming the validity
of the data, but gives little insight into possible damaging effects. It is
often of dubious value for comparing the severity of dissimilar shock
environments. The shock spectrum, on the cther hand, may be of value
in estimating damaging effects or relative severity of environments and
for determining ''equivalent” laboratory tests. The spectra are being
used as the final form of data presentation in the Sandia Environmental
Data Baak.

An educational program is described which has been found useful for
acquainting designers with the utility of the approach. Certain types of
pulses which do not lend themselves to the shock spectrum treatment
are described, and examples are given showing the flow and presenta-
tion of data from rough "first look" records through final reduction.
The mathematical methods for computing shock and Fourier spectra
and for filtering are described in sufficient detail to permit adaption to

other data systemns.

W. B. Murfin

Shock tests of systems, structures, and
components have been increasing in number
and complexity at Sandia Corporation for sev-
eral years. Ground impact tests, blast tests,

and transportation tests are conducted almost
daily on complete systems. In addition, exten-
sive qualification testing of components is car-
ried out.

The sheer volume of data collected has be-
come bewildering. Improvements in instru-
mentation and recording techniques have made
it possible to collect far more data than in
years past. Before the installation of the sys-
tem described in this report, reduction of this
mass of data consisted merely of annotating
oscillograms of the shock records, as shown in
Fig. 1, which were then delivered to the sys-
tems or component designer without comment.
Obviously, there is a very significant possibility
of human error in such an operation. The de-
signer was not only swamped with a tremendous
volume of data but, unless he 1appened to be a

*This work was supported by the United States Atomic Energy Comimission.




near-expert in the fi-lds of instrumentation and
mechanical shock, was unable to determine what
records were valid or how to apply the data to
refinements of design. In addition to these er-
rors of omission, the annotator could very
easily make errors in calibrate levels, channel
identification, etc.

Fig. 1 - Annotated oscillogram

A further defect of the process was the
crudity in attempting to redefine a field envi-
ronment in terms of an achievable laboratory
test. Many engineers confronted with such a
situation find it expedient simply to tabulate the
peaks and durations experienced in field envi-
ronments, using the maximum value that has
been recorded as a laboratory test. Recogniz-
ing tha. oscillatory components of the environ-
ment probably have a damaging effect, the engi-
neer might arbitrarily increase the level of the
laboratory test in the hope that unkncwn factors
of the field environment would be adequately
representer.

In an attempt to regularize the reduction of
data, the following desiderata were considered:

1. The final reduction should be graphical
and should lend iiself to tabulation,

2. Scme means of determining the validity
of the data is necessary,

3. The data should be readily applicable to
design improvements,

4. 1t should be possible to determine a
realizable laboratory test from the data,

5. The data must be in a format acceptable
to designers and dynamicists,
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6. The data should be readily storable,
7. "Hash' and noise should be removable,

8. The time lag from test to final report
should be minimized, and

9. Human error should be minimized.

The shock spectrum technique appeared to sat-
isfy most of these considerations. Shock spec-
tra are discussed extensively by Vigness [1] and
Rubin [2] ana will not be further explained here.

Shock spectra can be presented graphically,
can be easily stored, and are tisable for design
improvements and laboratory test planning.
However, the validity of ‘he data cannot be de-
termined easily from the shock spectrum. It
was felt advisable, therefore, to include the
acceleration-time history along with the shock
spectrum.

Analog data reduction was considered first.
A type of analog shock spectrum computer was
developed and tested, but was found to have
many disadvantages, including the following:

1. Operation of even a simple andlog shock
spectrum computer requires intervention by a
skilled operator,

2. Human error can be a prol:lem even
with great care, and

3. The plots turned out were less neat
than desired.

Digital reduction was next investigated.
This, it was felt, could materially reduce human
error. The cost, unfortunately, would be high,
but we believed that the advantages of the method
would outweigh this disadvantage.

At present, shock records are kept on mag-
netic tape in analog form. These analog tapes
are then digitized by an Astrodata Model 4101
analog-to-digital converter. Only those portions
of the analog tape containing actual pulses are
digitized. A digitizing rate of at least 15 times
the highest irequency of interest is used; nor-
maily this is choson to be at least 15 times the
cutoff frequency ¢f any low-pass filter used in

. conditioning the analog signal

All further operations are now carried
out on the digital tape. The analog tape is
retained for 90 days in case any portion
needs to be redigitized, and is then available
for reuse.




BRefore any use is made of the digital tape,
a quick-look oscillogran made from the analog
tape is scrutinized jointly by a test engineer, a
dynamicist, and if desired, the design engineer.
Any records showing indications of cable break-
age, zero shift, excessive noise, or other glar-
ing defects are automatically discarded. A plot
of the acceleration-time history of such records
is usually made, but no further reduction is
carried out.

The remaining records are now quickly
checked to decide which ones will be reduced to
shock spectra. In general, records from trans-
ducers placed on cormponents are avoided. It is
felt that such pulses should be treated as re-
sponses rather than inputs. Exceptions to this
rule are made in cz5es where one component is
mounted on another, or where a component ccn-
tains many parts so that the response of the
component case cas he corsidered an input to
the parts. We are always cautious about reduc-
ing data that appear imperfect or invalid. Sel-
dom more than 10 percent of the channels on a
systems test will be marked for complete
reduction.

The digital tape (which contains all the
pulses and calibrations) is now reduced in a
CDC 3600 computer. The flow of information
is shown in block diagram form in Fig. 2.

Some of the options available include:

1. Low-pass filtering to any desired cutoff
frequency,

2. Editing to remove unnecessary points;

3. Plotting of tne acceleration-time history
before or after filtering and editing, or both;

4. Removal of spurious ur questionable
sections; and

5. Computation of the shock spectrum,
which can be plotted or printed, or both.

An option not yet present because of lack of
demand is the computation of the Fourier spec-
trum, but it can be included at any time.

Plotiing is done on a Stromberg Carlson
SC 4020 high-speed plotter. Each plot has any
desired identification printed on it, as well as
the total velocity change of the pulse. Since all
pulses are digitized at a very high frequency,
each pulse contains many unnecessary points.
Editing reduces the number of points.

All the digital points are scanned in turn.
I the omission of any point would result in an
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Fig. 2 - Digital shock data reduction

error exceeding some predetermined percent-
age of full scale, that point is retained. The
process is shown diagrammatically in Fig. 3.

Editing removes much of the "hash' and
noise, resulting in a cleaner plot. The effects
of editing at 1, 2, and 5 percent of the calibrate
ievel are shown in Figs. 4, 5, 6, and 7. The
associated shock spectra (Figs. 8, 9, 10, and
11) show that the edits have resulted in only
very minor deviations in the shock spectra. A
standard edit of 1 percent has been selected,
this has been tried on a wide variety of shock
pulses and appears to be satisfactory.

Filtering is accomplished by the digital
equivalent of an analiog filter. The transfer
function of the filtering system is shown in Fig.
12. The transfer function of the filter is

G(s)

2 m

Such a transfer function is given by
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